Conclusions: Short sleep duration per night was prevalent, it affects one in every 3 Saudi adults. Long sleep duration of more than 9 hours was associated with increased comorbid conditions.
T he recommended amount of sleep for healthy adults is between 7-8 hours per night in order to feel rested with optimal sleep quality. [1] [2] [3] However, sleep deprivation and short sleep duration are very common. In the past decades, accumulating evidence has shown that quantity and duration of sleep are important factors associated with health and mortality. [4] [5] [6] [7] [8] Irregular or sleep loss may be associated with an increased risk of morbidity and mortality. 3, [7] [8] [9] [10] [11] [12] [13] [14] [15] Studies reported that both shortened sleep (<7 hours per night) and long sleep duration (<8 hours per night) are associated with increased mortality and morbidity. According to several epidemiological studies, the risk of all-cause mortality occurs among individuals with long duration of sleep (≥8 hours sleep per day) and short durations of sleep (<7 hours sleep per day). 13, [16] [17] [18] [19] [20] [21] [22] However, few studies explore factors that predict an individual's sleep duration per day. Furthermore, published studies corroborate that there is an association between sleep deprivation, short sleep duration, the chances of developing obesity, [23] [24] [25] [26] type 2 diabetes, 18, [27] [28] [29] hyperlipidemia, [30] [31] [32] high blood pressure, [33] [34] [35] [36] motor vehicle accidents, 37, 38 and increased risk of dying of coronary artery disease. [39] [40] [41] A study investigating the relationship between sleeping hours and adjusted injury risk revealed that the odds ratio (OR) for a worker sleeping a total of <5 hours/day was 2.65, 1.79 for 5-5.9 hours/day, 1.40 for 6-6.9 hours/ day and 1.82 for <10 hours of usual daily sleep. 37 Another study investigating the relationship between sleeping hours and self-related health (fair/poor) revealed the OR for sleeping a total of <5 hours/day was 2.29, 1.68 for 6 hours/day, 1.38 for 8 hours/day, and 1.98 for <9 hours of usual daily sleep. 42 Older age, depression, anxiety, night or shift work, heavy smoking, and lower levels of income were associated with short sleep duration, while younger age, underweight, widowed, being divorced, heavy smoking, anxiety, depression, and poorer self-reported health were associated with long sleep duration. 43 Studies also reported correlation between low socioeconomic status, depression, and long sleep duration. [42] [43] [44] [45] The epidemiological studies on sleep duration and its relation to comorbid conditions among different societies and cultures are limited. There are no studies on sleep duration and its relation to comorbid conditions among Saudi adults. This study proposed to investigate the relationship between several risk factors, morbidities, and sleep duration per night among the Saudi population. We also intended to develop a model to predict sleep duration, using a variety of demographic and clinical variables.
Methods.
A cross-sectional study was conducted at King Abdulaziz Medical City-Riyadh (KAMC-R), Kingdom of Saudi Arabia, between January and July 2014. The study was approved by the King Abdullah International Medical Research Center (KAIMRC) Research Ethics Committee. The study sample was chosen from pre-employment clinics, blood bank donors, visitors to KAMC-R, and employees. We include all adults 18 years old or older who was willing to participate. In order to overcome possible sources of bias in this convenience sample, we excluded individuals with night-shift work, time-zone travel during the last 4 weeks, or use of any sleep medications. Three research assistants distributed the questionnaire after participants' verbal agreement to participate in the study. Of the 2,500 people asked to participate in the study, 2,095 agreed to complete the questionnaire. These 2,095 participants (ages 18-100 years) were recruited from the study population (pre-employment clinics, blood bank donors, visitors to KAMC-R, and employees). The survey was assessed based on a selfadministered questionnaire; research assistants reviewed the questionnaires for completeness. We used the validated Arabic version of the Berlin Questionnaire (BQ) to assess the presence of risk of obstructive sleep apnea (OSA) among participants. 46, 47 The BQ consisted of 10 items related to sleep apnea risk that include: snoring behavior, wake time, sleepiness or fatigue, history of obesity or hypertension, and body mass index (BMI). 47 Participants were classified as having a high risk of OSA if there were 2 or more categories where the score was positive. 47 We also used the Epworth Sleepiness Scale (ESS) Arabic version to assess excessive daytime sleepiness (EDS). 48 A score of 11 or more (ESS ≥11) is considered EDS. We also used the International Classification of Sleep Disorders-2 (ICSD-2), which defines insomnia as difficulty in falling asleep, waking up too early, frequent awakening with difficulty in falling asleep again, and secondary daytime impairment related to nighttime sleep difficulties. 49 The sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI). 50 The PSQI version was translated and validated by Suleiman et al. 51 The questionnaire included demographic characteristics such as age, gender, education, self-reported weight, and height. Participants were asked whether they smoked or consumed coffee or tea. The questionnaire included clarification on medical Disclosure. Authors have no conflict of interests, and the work was not supported or funded by any drug company.
conditions based on history, including asthma, diabetes mellitus (DM), chronic obstructive pulmonary disease (COPD), hypertension, and depression. Self-reported sleep duration was collected from each respondent by asking to report the average sleep duration hours of sleep per night. Informed consent was obtained from all individual participants included in the study.
Statistical analysis. Statistical analyses were conducted using IBM SPSS® version 22 (Chicago, Illinois: SPSS Inc, USA). Self-report of sleep duration as measured by average hours of sleep per night was expressed as mean (±SD) with 25th and 75th percentiles. Differences in sleep duration across participants' characteristics were tested using independent samples t-tests. Analysis of variance (ANOVA) test was used to test differences in BMI across 3 categories of sleep duration: short sleep (<7 hours), normative (7-9 hours), and long (<9 hours). Chi-square tests were used to examine associations between short/long sleep duration and demographic characteristics. Also, Chi-square tests were used to examine the associations between short/ long sleep duration and the presence of comorbid medical conditions. The short sleep duration was based on American Academy of Sleep Medicine (AASM) parameters. 30 We used stepwise linear regression to develop a model to predict sleep duration, using a variety of demographic and clinical variables. The following variables were entered in the model: age, gender, obesity, coffee intake, tea intake, smoke status, asthma, diabetes, chronic obstructive pulmonary, hypertension, depression, hyperlipidemia, quality of sleep, high risk of sleep apnea, difficulty falling asleep, frequent awakening, wake up too early, feel tired/ fatigued, and change in mood because of sleep issues. We used multiple linear models to compare predictors of sleep duration in 2 predictive models according to age groups (<40 and ≥40 years). All statistical tests were 2-tailed and the level of significance was set at p=0.05.
Results. A total of 2,095 participants were included in the analysis. The age range was 18-100 years, with a mean age of 42.3±15.5 years. Table 1 shows the sample characteristics. The sample consisted of 59.3% males, 17.1% elderly (<60 years), 72.1% coffee consumers, and 63.6% tea consumers. The most common medical problems reported were obesity ( Table 1) . On average, participants reported 6.4±1.7 hours sleep per night, 33.8% reported short sleep duration of less than 7 hours per night. As per the PSQI, the majority (78.3%) of the sample reported poor sleep quality. High risk for sleep apnea using the Table 1) . Table 2 shows the associations between sleep duration and demographic characteristics. The female gender had a higher percentage of short sleep duration than the male gender. The prevalence of short sleep duration was significantly higher among participants who consumed coffee than those who did not consume coffee. Table 3 illustrates short/long sleep duration and their association with comorbid conditions. Hyperlipidemia was more common in those with short sleep duration. Poor sleep quality was very prevalent in those with short sleep duration. Participants with sleep loss affects mood were significantly more likely to have short sleep duration. Diabetes mellitus was more common in participants with long sleep duration. Participants with hypertension were significantly more likely to have long sleep duration. Participants with high risk of sleep apnea tend to have a long sleep duration.
Stepwise analysis (multivariate analysis) was used to build a multiple linear regression model to explain the variation in sleep duration among participants ( Table 4) . Controlling for all confounders, the analysis revealed that the sleep duration was predicted by the following characteristics: being female, poor sleep quality, COPD, hyperlipidemia, and HTN (p<0.05). The multiple correlation coefficient of this model was 0.32 with adjusted R square of 10%.
The following is the estimated equation: predicted sleep duration/hours = 7.289-0.370 × female -1.178 x bad sleep quality + 0.396 × high risk for sleep apnea + 0.366 × hypertension -1.097 lipidemia + 0.457 COPD. Controlling for the other 3 predictors, this model implies that the female gender, participants with hyperlipidemia, and participants with poor sleep quality tend to experience reduced sleep duration by roughly 22, 66, and 70 minutes, respectively. In contrast, controlling for being female, and having poor sleep quality and hyperlipidemia, the predicted sleep duration tends to increase by 22 in participants with HTN. Also, for participants with COPD the sleep duration was predicted to increase by 27 minutes and high risk of sleep apnea in 23 minutes. In young age group (<40 years), independent predictors for sleep duration were gender, coffee intake, DM, HTN, lipidemia, and bad sleep quality. However, in older age (≥40 years), sleep duration was significantly predicted by lipidemia, bad sleep quality, and high risk for sleep apnea. In the first model (young age group <40 years), the predictors explained 13.1% of the variation in sleep duration. The second model (older age group ≥40 COPD -chronic obstructive pulmonary disease years), the predictors explained 14.9% of the variation in sleep duration.
Discussion. The current study investigated the associations between short/long sleep duration and the presence of comorbid medical conditions in a sample of Saudi adults. In addition, this study also analyzed the factors that can be used to explain the variation in duration of sleep. A study conducted in northeast China reported an average sleep duration of 6.9±1.6 hours per night. 24 Another study reported an average sleep duration of 6.5±1.7 hours. 27 The self-reported mean of sleep duration in our sample was found to be 6.4±1.7 hours per night with a 25th percentile of 5 hours, a 75th percentile of 7.5 hours, and a median of 6 hours. Our study reported a high prevalence of short sleep duration <7 hours in one-third (33.8%), which is similar to many other reported studies (24.1%-41.6%). 28, 29 The USA general population reported sleep duration of less than 7 hours in approximately a third of the population. 41 We found no studies on sleep duration among adults in our Saudi population. Most studies regarding sleep habits and duration were conducted among children, adolescents, and medical students. Al-Hazzaa et al 26 reported short sleep duration (<7 hours) in approximately 31% of 15 to 19 year-old in Saudi Arabia with no difference in sleep duration between males and females. Recent studies have shown that sleep duration is associated with HTN. 15 The relationship between HTN and sleep duration has also been discussed in our research. Our findings are similar to other studies that found sleep duration is associated with HTN, 52 obesity, 53 hyperlipidemia, 31 and DM. 54 We noted that 24.8% of our population reported long sleep hours. This could be due to some other considerations, such as BMI, HTN, and DM, all of which have shown association with long sleep duration. Although our study shows sleep duration was associated with increased BMI (Figure 1) , both factors may be related to sleep breathing disorders. Longitudinal studies are needed to investigate the effect of sleep duration on clinical management of diabetes, obesity, and hypertension.
Study limitations. The measurement of sleep duration similar to many other studies relied upon self-report, which may not be accurate, 55 ,56 and we did not assess all other confounders such as work or home environments, shift work, sleep patterns in working days and weekends, and cognitive function of participants. Also, chronic disease was based on information provided by the patients and could not be confirmed. Although our sample is large and may present a wide spectrum of the Saudi population, the results cannot be generalized to the entire Saudi population as it merely represents one facility's experience. This is a cross-sectional study, and therefore we examined the correlations, not causations. Possible sources of sampling bias might exist in this convenience sample as visitors to the hospital may have short sleep duration if a close family member is ill. In order to overcome this limitation, we included a relatively large sample size. Despite these limitations, this study represents one of the few explorations into predictive factors for sleep duration in Saudi adults, and considers both the bivariate and multivariate approach in determining important predictors of sleep duration.
In conclusion, short sleep duration per night is very prevalent and affects one in every 3 Saudi adults. Female gender and bad sleep quality negatively contributed to the sleep duration times in our study population. Further studies are needed to better understand the effects of environmental factors and cultures on sleep duration. This study can contribute further to attempts by medical practitioners to educate their patients on lifestyle factors that could affect sleep health.
